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While not a novel disease – first pathogenic coccidia in poultry have 
been described by Railliet and Lucet in 1891 (130 years ago) – 
coccidiosis is still one of the most economically important diseases in 
modern broiler industry being responsible for annual losses of more 
than $3 billion (Noack et al 2019; Kadykalo et all 2017). 

Coccidiosis in poultry is caused by obligate intracellular protozoa 
(unicellular eukaryotes) from the genus Eimeria. There are seven 
species pathogenic in domestic fowl. Four of them E. acervulina,  
E. maxima, E. tenella and E. mitis have economic importance in 
broilers. E. necatrix and E. brunetti affect birds over six weeks of age 
and are pathogenic primarily for rearing breeders and layers as well 
as slow growing broilers, while E. praecox is less or not pathogenic.  

Eimeria invade intestinal epithelial cells, destroying them leading 
to intestinal inflammation, diarrhea (sometimes hemorrhagic), poor 
absorption of nutrients (increased FCR and reduced weight gain), 
and sometimes even mortality. Eimeria are the most common 
triggering factors of secondary intestinal disorders such as Necrotic 
Enteritis and Dysbacteriosis which have further devastating effects in 
poultry.  Finally, Eimeria  facilitate the colonization of the organism 
by pathogens such as Salmonella sp., which are major food safety 
concern.  

Coccidia are omnipresent and very robust in the environment, 
therefore, cannot be eradicated. For this reason, the use of 
coccidiostats (in-feed anticoccidials) for the control of coccidiosis is 
deemed essential (EU COMMISSION 2008). 

To help build the best anticoccidial program for the given conditions, 
we developed this practical e-book, which brings in, the main points 
to be considered for an efficient implementation of an anticoccidial 
program.
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program.



1
 the anticoccidial         
 tools

 Knowing      



Safety

Anticoccidial drugs might cause adverse effects in target species when overdosed. Some of the 

anticoccidials (e.g. ionophores, halofuginone, nicarbazin) when accidentally fed to other species 

might cause detrimental effects and even mortality. Withdrawal periods for each drug should be 

followed to ensure drug residues are below safe levels in end consumer product.

One of the most important points within the control and 
prevention measures for coccidiosis in broiler chickens 
is selecting the right anticoccidial product and correctly 
implementing into the operation.

At Phibro we believe this decision is complex. While on  
the surface it might appear the only factors to consider are: 
the  molecule to be used, the best price and then mixing  
it in the birds’ feed throughout. The evaluation of all factors  
need to be considered to provide a high efficiency program  
for your poultry production. 

There are two major aspects to review – safety and resistance.

 Identify the most effective molecules for the existing problem

Resistance

Resistance is the ability of a parasite strain to multiply or to survive in the presence of concentrations 

of a drug that normally destroy parasites of the same species or prevent their multiplication 

(Chapman, 1997).

Resistance development is a natural selection process. After a period of use of 

any given product the Eimeria population in the field develops resistance thus, the 

efficacy of the product declines.

Resistance development initiates with a genetic shift (single or multiple mutations) allowing the 

parasite to escape or resist the drug MoA (Mode of Action). Spreads in the parasite population 

enforced by the selection pressure of using the given product (the longer the drug is used the 

more resistance is enforced among the field Eimeria population - Peek and Landman, 2011)

Resistance development is an inevitable consequence of the use of any product. It could 

be partial or even complete and should be distinguished from the subtle differences in 

sensitivity of different native strains of Eimeria species to different products.

Resistance is reversible when the selection pressure is removed (Chapman, 1997).



Monovalent ionophores Dose range Chemical structure

Monesin* 100-120 ppm*

Salinomycin* 50-70 ppm*

Narasin 60-70 ppm

Divalent ionophores Dose range Chemical structure

Lasalocid 75-125 ppm

Glycoside ionophores Dose range Chemical structure

Maduramicin* 5-6 ppm*

Semduramicin 20-25 ppm

* Several suppliers. Always consult the label for approved dosage / supplier.

Since their first introduction on the market in the 

1970s, ionophores have been the backbone of 

anticoccidial programs worldwide.

They are produced by fermentation and share 

a similar mode of action – affect cell membrane 

permeability and facilitate the ion transport across, 

thus impair the normal cell metabolism. They have 

dose dependent  effect against extracellular forms 

of the parasite – sporozoites and merozoites. 

Ionophores don’t completely block the 

development of the parasite, allowing also 

sensitive individuals to proliferate, which reduces 

the selection pressure, therefore resistance is built 

slowly and allows for immunity development.

Based on their chemical structure and properties, 

ionophores are divided into 3 groups – monovalent, 

divalent and glycosides (Peek and Landman, 

2011; Noack et al., 2019). Due to the shared 

mode of action there is  certain cross resistance 

between different ionophores, though there are 

Ionophore anticoccidials

differences in sensitivity between the different 

classes of ionophores e.g. a given Eimeria isolate 

could develop resistance towards monovalent 

ionophores (monensin, salinomycin and narasin), 

but still be sensitive towards a glycoside ionophore 

or the other way around (Bedrnik et al., 1989).

Indirect evidence of cross resistance is the 

resistance against narasin, described even 

before its introduction to the market, explained 

by resistance developed after use of monensin 

and salinomycin (other monovalent ionophores).

(Chapman, 1997).

Ionophores exert the same effect over the host 

cell membranes, thus have low safety margin 10-

20%.

Ionophores registered for use in broiler feed are 

listed in the table to the right, as well as doses and 

chemical structure.
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comparing the efficacy of 3 ppm halofuginone,
125 ppm lasalocid, 5 ppm maduramicin, 120 ppm
monensin, and 66 ppm salinomycin, maduram-
icin was the least effective against E. maxima (Folz
et al. 1988). Maduramicin at 5 to 7 ppm was re-
ported to be more efficacious than monensin and
narasin, and about equal to salinomycin in reduc-
ing lesions and mortality and maintaining good
performance in studies with Eimeria isolates that
were partly resistant to ionophores (McDougald et
al. 1987a). Stage-of-action studies testing 5 ppm
maduramicin indicated that medication must be
present at the time of infection to achieve optimum
efficacy against E. tenella (Kantor and Schenkel
1984). When medication was delayed to day 2
post infection, bird mortality and lesion scores in-
creased and mean weight gain reduced. Some ac-
tivity against later stages of development beyond
day 3 of infection was also evident in these studies.

Monensin sodium

Chemical name: [17090-79-8] 2-[5-ethyltetra-
hydro-5-[tetrahydro-3-methyl-5-[tetrahydro-6-
hydroxy-6-(hydroxymethyl)-3,5-dimethyl-2H-
pyran-2-yl]-2-furyl]-2-furyl]-9-hydroxy-β-meth-
oxy-α,γ ,2,8-tetramethyl-1,6-dioxaspiro-[4.5]
decane -7-butyric acid, sodium salt.

Product name: Coban.

Chemical structure: See figure 6.31.
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Figure 6.31. Monensin.

Safety: Produced by fermentation by a strain
of Streptomyces cinnamonensis originally iso-
lated from a soil sample collected in Arizona
in the United States, monensin is characterized
as a monocarboxylic acid (Haney and Hoehn
1967). Broiler chickens given feed medicated with
120 ppm monensin weighed less (P < 0.01) than
chickens in the 0 or 100 ppm monensin treat-
ments in a 48-day floor pen test (Gard et al.
1975). Damron et al. (1977) also reported a
significant (P < 0.05) reduction in body weight
of broiler chickens fed 99 and 121 ppm mon-
ensin for 56 days in comparison with unmed-
icated and lasalocid-medicated treatments. In
their studies, weight reduction was greater in
the 121 ppm monensin treatment than in the
99 ppm monensin treatment. Parsons and Baker
(1982) concluded from their studies that the
growth depression observed in broiler chickens
fed 121 ppm monensin was due largely to re-
duced feed consumption. They also found that
much of this effect on weight gain reduction
could be offset by avoiding deficient levels of di-
etary protein. Subsequent studies by McDougald
and Mathis (1984) showed that monensin intake
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were also reported to occur in broiler birds given a
50/50 ppm combination of narasin + nicarbazin
(Bafundo 1989).

Salinomycin sodium

Chemical name: Sodium salt C42H69NaO11
[55721-31-8].

Product name: Bio-Cox, Coxistac, Sacox, Salgain,
Salocin.

Chemical structure: See figure 6.33.

Safety: Salinomycin is produced by a strain of
Streptomyces albus isolated from a soil sample
collected in Shizuoka Prefecture, Japan (Kinashi
et al. 1973, 1975; Miyazaki et al. 1974). It is
a monocarboxylic acid polyether antibiotic that
preferentially mediates the transport of monova-
lent alkali cations, e.g., Cs+, K+, Na+, and Rb+

(Mitani, Yamanishi, and Miyazaki 1975; Mitani
et al. 1976). The feeding of 80 ppm salinomycin
to broiler chickens in floor pens caused a reduc-
tion (P ≤ 0.05) in weight gain as a direct re-
sult of reduced feed intake (Migaki and Babcock
1979; Keppens and De Groote 1980; Yvoré et al.
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Figure 6.33. Salinomycin.

1980). Body weight and feed consumption were
depressed (P < 0.05) in broiler chicks fed sali-
nomycin at 77 or 88 ppm for 21 days, but no
adverse effects on performance were observed at
lower concentrations (44, 55, and 66 ppm) of sali-
nomycin (Harms and Buresh 1987). Broiler chick-
ens fed 60 ppm salinomycin for 5 or 6 weeks fol-
lowed by a withdrawal period of 1 or 2 weeks
showed increased feed consumption during the
withdrawal period and improved feed conver-
sion (P < 0.05) in comparison with unmedicated
birds (McDougald and McQuistion 1980a). More
recent tests with broiler chickens in a 46-day floor
pen test showed that the withdrawal of salino-
mycin (60 ppm) on day 39 of test resulted in
an increase (P < 0.05) in feed intake per bird in
comparison with birds still on the drug, but no
benefit on weight gain or feed conversion (Chap-
man et al. 1993). Floor pen studies with male and
female broiler chickens demonstrated that salino-
mycin had no effect on the dietary requirements
for methionine over a 49-day grow-out (Leeson
and Summers 1983). Jones et al. (1990) using
Arbor Acres broiler breeders reported that feed-
ing 60 ppm salinomycin for 10 consecutive days
significantly (P < 0.05) reduced egg hatchability
during days 1 through 6 of the withdrawal period.
Sixty ppm salinomycin was incompatible with
tiamulin medication in the water (125 and 250
mg/l) in studies by Frigg et al. (1983) and Laczay
et al. (1989), and the dihydroguinoline-type
antioxidant (6,6�ethylidine-bis/2,2, 4-trimethyl-
1,2-dihydroguinoline) when used to stabilize
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Figure 6.32. Narasin.

Narasin

Chemical name: [55134-13-9] (4S)-4-methyl-
salinomycin.

Product name: Monteban.

Chemical structure: See figure 6.32.

Safety: This polyether monocarboxylic acid prod-
uct is produced by Streptomyces aureofaciens de-
scribed by Boeck et al (1977) and Berg and Hamill
(1978). Jones et al. (1990) using Arbor Acres
males and females reported that feeding 70 ppm
narasin for 10 consecutive days had only a slight
adverse effect on egg production, but hatchabil-
ity was reduced significantly (P < 0.05) begin-
ning on days 9 through 10 of the feeding period.
Narasin also reduced egg weight in this study.
Narasin at its recommended use level in the feed
was incompatible when given in combination with
the antibiotic tiamulin in the water at levels of 125
and 250 mg/l (Frigg et al. 1983; Laczay et al.
1989). Narasin has also been found to be incom-
patible with erythromycin, sulfachlorpyrazine,
sulfaquinoxaline, sulphadimethoxine, and chlo-

ramphenicol (Dowling, 1992). A toxic interaction
between narasin and the dihydroquinoline-type
antioxidant duokvin used in feed formulations has
been described by Varga et al. (1994).

Efficacy: The efficacy of 40, 60, 80, and 100 ppm
narasin against single- and mixed-species infec-
tions of E. acervulina, E. mivati, E. maxima, E.
necatrix, E. brunetti, and E. tenella demonstrated
that use levels in the range of 60 to 100 ppm were
more efficacious than 40 ppm narasin (Ruff et al.
1979). The study with a mixture of these species
also indicated that 60 to 100 ppm narasin was
more efficacious than 99 ppm monensin partic-
ularly in the overall control of coccidial lesions.
These results were confirmed in subsequent tri-
als in floor pens using various mixed infections
including E. acervulina, E. mivati, E. maxima, E.
brunetti, E. necatrix, E. mitis, E. pracox, and E.
tenella (Ruff et al. 1980; Jeffers et al. 1988a). The
pooled results of 17 floor pen trials conducted in
five countries in Europe demonstrated that the op-
timum dose was in the range of 60 to 80 ppm
narasin based on means for final weight and feed
conversion (Walters, Bentley, and Jones 1981).
The control of coccidial lesions, due primarily to
E. acervulina, E. maxima, and E. tenella, in the
60 to 80 ppm range was comparable to 100 ppm
monensin. In a summary of 104 battery efficacy
trials involving both laboratory strains and recent
field isolates of E. acervulina, E. maxima, E. neca-
trix, E. brunetti, and E. tenella, 80 ppm narasin
was more efficacious than 60 ppm narasin based
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involving E. tenella. The design of laboratory tests,
especially with respect to the number of birds per
cage and cages per treatment, and the number of
oocysts given per bird in the challenge dose are
important factors to consider (Holdsworth et al.
2004). One recommendation in laboratory tests
involving polyether ionophores has been to include
at least two infected, unmedicated treatments in
the trial design, with each unmedicated treatment
given a different number of oocysts (e.g., 1 × 104

and 1 × 105 of E. tenella), to provide a standard
curve for comparison with the medicated treat-
ments inoculated at the highest level of challenge
only (Conway et al. 1995).

A second advantage of polyether ionophores as
indicated above is that ionophores do not com-
pletely control infection in the field, but usually
allow a low level of infection of the indigenous
coccidial population to occur. It has been postu-
lated that the low-level infections observed under
field conditions when using ionophores decrease
the selective pressure on the coccidial population
cycling through the flock, and allow for a gradual
development of immunity to coccidial infection in
the broiler bird (Jeffers 1989; Magee 1992; Chap-
man and Hacker 1993; Eckman 1993; Chapman
1999). As immunity develops, the immune re-
sponse to the coccidial challenge coupled with the
efficacy of the ionophore anticoccidial work to-
gether to establish an ongoing control of the infec-
tion. Since the immune response acts with equal
effect against drug-susceptible and drug-resistant

strains of a coccidial population, drug resistance
is also less likely to occur under these conditions.

Lasalocid

Chemical name: [25999-31-9] [2R-[2α[2S*
(3R*,-4S*,5S*,7R*),3S*,5S*],5α,6β]]-6-[7-[5-
ethyl-5-(5-ethyltetrahydro-5-hydroxy-6-methyl-
2H-pyran-2-yl)tetrahydro-3-methyl-2-furanyl]-
4-hydroyy-3,5-dimethyl-6-oxononyl]-2-hydroxy
-3-methylbenzoic acid; 3-methyl-6-[7-ethyl-4-
hydroxy-3,5-dimethyl-6-oxo-7-[5-ethyl-3-methyl-
5-(5-ethyl-5-hydroxy-6-methyl-2-tetrahydropy-
ranyl) - 2 - tetrahydrofuryl ] hepty ] salicylic acid,
sodium salt.

Product name: Avatec.

Chemical structure: See figure 6.29.

Safety: Lasalocid sodium is a monocarboxylic
ionophore produced by a strain of Streptomyces
lasaliensis isolated from a soil sample collected in
Hyde Park, Massachusetts, U.S.A. Use of lasalocid
at levels up to 225 ppm in floor pen trials with
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Figure 6.29. Lasalocid.
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of 75 ppm lasalocid, 60 ppm salinomycin, and 100
ppm monensin against various mixtures of Eime-
ria spp. in broiler chickens, the efficacy of lasa-
locid was superior to both salinomycin and mon-
ensin in tests involving E. brunetti and E. maxima,
but it was less efficacious than either of the other
ionophores in preventing lesions of E. acervulina,
E. necatrix, and E. tenella (Migaki, Chappel, and
Babcock 1979).

Peak activity of lasalocid was found to occur when
medication at 100 ppm was initiated within 24
hours after inoculating broiler chickens with E.
tenella and 48 hours after inoculation with E. ac-
ervulina (Guyonnet, Johnson, and Long 1990).
There were no significant differences in bird per-
formance or lesion scores when medication was
withdrawn after 48 hours with E. tenella and 72
hours with E. acervulina. Initiation of medication
at various intervals after 48 hours was found to
reduce oocyst output for both species. Overall,
these results indicated that lasalocid acted primar-
ily early in the life cycle against sporozoites and
merozoites, but activity against later generations
of merozoites and possibly gamonts was evident.

Maduramicin ammonium

Chemical name: [84878-61-5] (2R,3S,4S,5R,6S)
-6-[(1R)-1-[(2S,5R,7S,8R,9S)-2-[(2S,2�R,3�S,5R,
5�R)-3�-[(2,6-dideoxy-3,4-di-o-methyl-β-lara-
bino-hexopyranosyl)oxy]-octahydro-2-methyl-5�

-[(2S,3S,5R,6S)-tetrahydo-6-hydroxy-3,5,6-tri-
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Figure 6.30. Maduramicin.

methyl-2H-pyran-2-yl][2, 2�-bifuran]-5-yl]-9-
hydroxy-2,8-dimethyl-1,6-dioxaspiro [4.5]dec-
7-yl]ethyl]tetrahydro-2-hydroxy-4,5-dimethoxy-
3-methyl-2H-pyran-2-acetic acid, monoammo-
nium salt.

Product name: Cygro.

Chemical structure: See figure 6.30.

Safety: Maduramicin is a monoglycoside polyether
ionophore produced by Actinomadura yumaensis
isolated from a soil sample collected in Arizona
in the United States. The performance of male
broiler chickens was reduced significantly (P ≤
0.05) when given a ration medicated with 15 ppm
maduramicin over a 49-day period (Kantor and
Schenkel 1984). The performance of cockerels in
the 10 ppm maduramicin treatment in this study
was slightly reduced in comparison with the 5
ppm maduramicin treatment, but the differences
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Figure 6.34. Semduramicin.

-5-methoxy-3-methyl-2H-pyran-2-acetic acid;
sodium salt [119068-77-8].

Product name: Aviax.

Chemical structure: See figure 6.34.

Safety: The discovery of semduramicin began with
the fermentation of Actinomadura roseorufa iso-
lated from a soil sample in Japan. The polyether
ionophore isolated from this culture proved to
have excellent anticoccidial efficacy, but the safety
profile was not acceptable. As a consequence, a
semisynthetic program was initiated to determine
if the safety profile could be improved by chemical
modification of the original ionophore. This effort
proved successful with the removal of a glycone
ring to form semduramicin (Glazer et al. 1992).
Once it was demonstrated that the safety pro-
file of semduramicin was significantly improved
and did indeed meet requirements, a major effort
was initiated to obtain a mutant of A. roseorufa

that would yield semduramicin directly. This
involved subjecting a population of the origi-
nal culture to selective mutagens over hundreds
of generations, ultimately leading to a strain of
A. roseorufa that produced semduramicin exclu-
sively in large scale fermentation (Glazer et al.
1990; Tynan et al. 1990). Broiler chickens fed
0, 25, 50, or 75 ppm semduramicin in a 49-day
floor pen trial demonstrated a dose-related de-
crease in feed consumption with a concomitant
decrease in weight gain at the two highest levels
of semduramicin (Conway 1996). Hematological
and pathological results were normal in all treat-
ments, and litter quality was not affected nor was
bird mortality. Juvenile feathering was observed
in some birds fed 50 and 75 ppm semduramicin
in this study because of the reduced feed intake.
A series of floor pen trials was conducted to de-
termine if the feeding of 25 ppm semduramicin
would affect the performance of broiler chickens
at different dietary levels and sources of protein,
methionine levels, and electrolyte balance (Pesti et
al. 1999a, 1999b, 1999c). The overall conclusion
from these studies was that semduramicin had no
adverse effects or interactions on these factors.
More recent floor pen performance studies by Pesti
et al. (2002) with male broiler chickens indicated
that the feeding of 25 ppm semduramicin in the
starter and grower feeds for either 34 or 39 days
followed by a 15- or 10-day withdrawal period,
respectively, resulted in improved feed conversion
at 49 days of testing. The improvements in feed
conversion observed in these studies were a result
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Chemical or synthetic Dose range Chemical structure

Nicarbazin* 100-120 ppm*

Zoalene (DOT)* 40-125 ppm*

Clopidol* 125 ppm*

Decoquinate* 20-40 ppm*

Robenidine* 30-36 ppm*

Holofuginone* 2-3 ppm*

Diclazuril* 1 ppm*

* Several suppliers. Always consult the label for approved dosage / supplier.

Chemically synthesized anticoccidials were 

launched commercially in the 1940’s. Since 

then many new compounds have been 

introduced. 

The main and important chemical 

anticoccidials (listed below) currently used are 

representatives of different chemical classes 

with different mode of actions (Peek and 

Landman, 2011; Kadykalo et all 2017). For 

this reason, they should not be generalized 

but reviewed separately.

Chemically synthetized anticoccidials
(Synthetics or Chemicals) 

Different chemicals develop resistance at 

a different pace – from very rapid (diclazuril 

and decoquinate); to rapid (robenidine and 

clopidol) to slow (nicarbazin and zoalene) 

(Chapman, 1997).

Due to the very different chemical structure 

and mode of action of the currently available 

chemical anticoccidials, there is no cross-

resistance among them. The only exception is 

diclazuril which has cross-resistance with the in-

water treatment toltrazuril (Chapman, 1997).
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well-tolerated and safe compound for use in
broiler chickens at a use level in the range of 10
to 20 ppm.

Efficacy: Ryley (1967a) reported that 10 ppm
nequinate was highly efficacious against severe
infections of E. tenella based on mortality con-
trol and weight gain data, and at 10 to 20 ppm
nequinate was highly efficacious against E. neca-
trix, E. acervulina, E. maxima, E. mivati, and E.
brunetti based on weight gain and oocyst count
data. Studies by Long and Millard (1968) demon-
strated that 2 ppm nequinate inhibited the devel-
opment of sporozoites of E. acervulina, E. mivati,
E. maxima, E. brunetti, E. praecox, and E. tenella.
Nequinate use at 20 ppm provided excellent pro-
tection against susceptible strains of E. tenella in
a number of studies in comparison with other an-
ticoccidial drugs (McLoughlin and Chute 1973a).

Nicarbazin

Chemical name: [330-95-0] N, N′-bis(4-nitro-
phenyl)-urea, compounded with 4,6-dimethyl-2
(1H)-pyrimidinone (1:1); 4, 4′-dinitrocarbanilide
compounded with 4,6 dimethyl-2-pyrimidinol
(1:1).

Product name: Nicarb, Nicoxin, and Nicrazin.

Chemical structure: See figure 6.18.
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Figure 6.18. Nicarbazin.

Safety: Continuous medication with nicarbazin
via the feed at 75, 150, and 300 ppm up to 12
weeks of age was well tolerated by growing chicks
(Cuckler, Malanga, and Ott 1956). Medication
at 600 ppm in this study resulted in depressed
weight gain but did not cause any mortality or
signs of toxicity. Early studies by Ott et al. (1956)
and Sherwood, Milby, and Higgins (1956) demon-
strated that nicarbazin in the feed of breeder or
layer birds may adversely affect egg-shell pigmen-
tation, egg production, and egg hatchability de-
pending on the level of nicarbazin fed. In addi-
tion, levels of nicarbazin as low as 50 ppm in the
feed of layer birds caused extensive mottling of egg
yolks (Polin, Ott, and Siegmund 1957). More re-
cently, Jones et al. (1990) concluded from a study
in broiler breeders fed nicarbazin at levels of 20,
50, and 100 ppm that as the level of nicarbazin
increased there was a linear decrease in hatchabil-
ity, and that egg-shell depigmentation was directly
related to the level of nicarbazin fed starting at 50
ppm. In a second study, these workers reported
that feeding 125 ppm nicarbazin to broiler breed-
ers reduced egg production and caused a severe
decrease in hatchability.
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protection against infections of E. acervulina,
E. maxima, and E. tenella (Ruff, Chute, and
Garcia 1991). Subsequent challenge studies with
birds given amprolium in the drinking water
demonstrated that a protective immunity had de-
veloped in these birds.

Extensive surveys of field isolates from all major
broiler-producing areas in the United States found
a fairly high percentage (57.6%) of the E. ac-
ervulina isolates were resistant to 125 ppm nicar-
bazin (Jeffers 1974b, 1974c). The incidence of
E. tenella among these field isolates from farms us-
ing nicarbazin either alone or in shuttle programs
was quite low, indicating that nicarbazin main-
tained a high efficacy against this species. Labo-
ratory studies with E. tenella have demonstrated
that development of resistance to this species is
at best slow and quite variable (McLoughlin and
Gardiner 1967; Tamas, Schleim, and Wilks 1991).
Surveys conducted in Europe, Latin America and
in North America showed a slow increase over time
in the incidence of nicarbazin resistance among
field isolates of the above species and E. max-
ima (Mathis and McDougald 1982; McDougald,
Fuller, and Solis 1986; McDougald et al. 1987b;
Chapman 1989c; Rotibi, McDougald, and Solis
1989; Stephan et al. 1997). The overall evidence
indicates that the slow development of resistance
to this drug coupled with its more frequent use in
shuttle programs in rotation with other anticoc-
cidial drugs has preserved its high efficacy over
the years.
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Figure 6.19. Dinitolmide (zoalene).

Nitrobenzamides

Dinitolmide (zoalene)

Chemical name: [148-01-6] 2-methyl-3,5-dini-
trobenzamide; 3,5-dinitro-o-toluamide.

Product name: Zoamix; DOT, DNOT.

Chemical structure: See figure 6.19.

Safety: Accidental feeding of dinitolmide at levels
of 400 to 860 ppm in the feed of broiler chickens
and replacement pullets caused a range of toxic
signs including extended necks, vertigo, incoor-
dination, tumbling, stunted growth, and reduced
weight gains (Bigland, Howell, and DaMassa
1963; Cameron and Spackman 1982). The former
workers induced similar signs in chickens within
14 days by giving dinitolmide in the feed at levels
of 500, 725, 1,000, and 1,250 ppm. Gross and
microscopic pathological changes were not found
in affected birds, and the neurological symptoms
and depressed weight gain disappeared within 24
hours after withdrawal. Dinitolmide feeding to
utility pigeons on farms in Australia resulted in
severe neurological problems and a substantial
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1979; Wang and Simashkevich 1980). Studies by
Wang, Simashkevich, and Fan (1981) have also
indicated that cytochrome P-450 mediated mi-
crosomal metabolism involving arprinocid-1-N-
oxide, a metabolite of arprinocid, may be part of
the mechanism of action of arprinocid, causing a
destruction of the parasite endoplasmic reticulum
leading to cell death.

Drug resistance to arprinocid was reported for the
first time in England in an E. tenella isolate from a
broiler flock where the anticoccidial drug had been
used for seven successive growing cycles (Chap-
man 1982a). Laboratory tests with this isolate
demonstrated that arprinocid was not effective at
60 and 75 ppm, but at 90 ppm arprinocid, mor-
tality was reduced in comparison to the infected,
unmedicated treatment. Field isolates of E. ac-
ervulina, E. maxima, and E. tenella collected from
farms in Holland and Germany where arprinocid
had been used during three of four growing cycles
were found to be resistant to the 60 ppm level of
medication (Braunius, Greuel, and Sézen 1984). A
similar picture emerged in France where resistant
isolates of E. acervulina and E. tenella were recov-
ered from poultry farms within the first three years
of the official registration of arprinocid (Hamet
1986).

Clopidol (meticlorpindol, clopindol)

Chemical name: [2971-90-6] 3, 5-dichloro-2, 6-
dimethly-4-pyridinol.

N CH3H3C

OH
ClCl

Figure 6.4. Clopidol (meticlorpindol, clopindol).

Product name: Coyden 25.

Chemical structure: See figure 6.4.

Safety: The effects of 125, 250, and 500 ppm
clopidol on egg production, egg size, fertility, and
hatchability were assessed in layer birds in a three-
generation life-cycle study and a two-year dietary
study (Bucek 1969). Egg production, fertility, and
hatchability were not influenced by clopidol, but
egg size was smaller in the 125 and 250 ppm
clopidol treatments in comparison with the con-
trol treatment.

Efficacy: Stage-of-action studies testing the effi-
cacy of clopidol against E. tenella demonstrated
a coccidiostatic action against the parasite rather
than a cidal effect (Ryley 1967b). Only the sporo-
zoite was affected after it invaded the host cell,
and development resumed just as soon as clopidol
was withdrawn from the feed. Long and Millard
(1968) reported a similar outcome in work with
E. acervulina, E. mivati, E. maxima, E. brunetti,
E. praecox, and E. tenella. When medication was
not initiated until 48 hours or later after oocyst
inoculation, parasite development was relatively
unaffected. Clopidol needs to be in the feed on the
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Figure 6.16. Decoquinate.

ethyl ester; ethyl 6-(n-decyloxy)-7-ethoxy-4-
hydroxyquinoline-3-carboxylate.

Product name: Deccox.

Chemical structure: See figure 6.16.

Safety: The metabolism of decoquinate was eval-
uated in chickens and found to be poorly absorbed
from medicated feed (Seman et al. 1989). The
small amount of decoquinate that was absorbed
was rapidly cleared from blood and tissues.

Efficacy: The efficacy of 10, 20, and 40 ppm deco-
quinate against E. acervulina “type,’’ E. maxima,
E. brunetti, and E. tenella was first described by
Ball et al. (1968). Decoquinate at 20 and 40 ppm
was consistently superior in these tests to 125 ppm
amprolium, 125 ppm clopidol, the combination
of 80 ppm amprolium + 60 ppm sulfaquinoxa-
line + 5 ppm ethopabate, and 125 ppm zoalene.
McLoughlin and Chute (1971) found that 30 ppm
decoquinate was highly efficacious against 10 dif-
ferent isolates of E. tenella, nine of which were
resistant to other anticoccidial drugs. The efficacy
of decoquinate was reduced slightly against one
isolate that was resistant to buquinolate. These

workers also found that resistance to decoquinate
could be demonstrated after six serial passes of
an E. tenella isolate in birds given a suboptimal
level (15 ppm) of decoquinate during the first five
passages. This isolate was also cross resistant to
buquinolate.

Nequinate (Methyl Benzoquate)

Chemical name: [13997-19-8] 6-butyl-1,4-di-
hydro-4-oxo-7-(phenylmethoxy)-3-quinoline-
carboxylic acid methyl ester; 7-(benzyloxy)-6-n-
butyl-1,4-dihydro-4-oxo-3-quinolinecarboxylic
acid methyl ester.

Product name: Statyl.

Chemical structure: See figure 6.17.

Safety: Ryley (1967a) reported that the perfor-
mance of birds fed nequinate at levels from 10 to
100 ppm for 10 weeks was not affected, and that
egg production, egg weight, and shell color was not
affected when laying hens were given nequinate
at levels of 10 to 1,000 ppm for a period of 14
days. These results indicated that nequinate is a
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Figure 6.17. Nequinate (methyl benzoquate).
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Figure 6.35. Robenidine.

life cycle against sporozoites and schizonts, in-
cluding late schizogonous stages (Conway et al.
1993). Semduramicin was more efficacious than
salinomycin in controlling lesions caused by both
species tested in these studies.

Robenidine hydrochloride

Chemical name: [25875-51-8] bis[(4-chlorophe-
nyl)-methylene]carbonimidic dihydrazide; 1,3-bis
[(p-chlorobenzylidene)amino]guanidine; hydro-
chloride [25875-50-7].

Product name: Robenz, Cycostat.

Chemical structure: See figure 6.35.

Safety: In a series of three floor pen trials, the per-
formance of broiler chickens fed different levels
of robenidine from 33 to 330 ppm for 56 to 63
days was not adversely affected at levels up to 198
ppm (Berger et al. 1974). Means for weight gain
and feed conversion were adversely (P < 0.01) re-
duced in these studies at the highest level (330
ppm). A 5-day withdrawal period is required in
broiler chickens to prevent residues, and to avoid

an adverse taste of the meat. It is also contraindi-
cated in laying hens to prevent residues in the egg.

Efficacy: Robenidine acts early in the life cycle
against the trophozoites, primarily toward the end
of the first asexual stage, and if medication is ex-
tended to 7 days or longer it is cidal in action
by its inhibition of respiratory activity in cell mi-
tochondria (Ryley and Wilson 1971; Reid 1972).
First generation schizonts were initially arrested in
development by robenidine, and for a short time
these schizonts can resume development if medi-
cation is withdrawn from the feed. Several stud-
ies testing the efficacy of 33 ppm robenidine in
the diet of broiler chickens demonstrated it was
highly efficacious against all major Eimeria spp.
in chickens (Kantor et al. 1972; Kennett, Kan-
tor, and Gallo 1974). Robenidine at 33 ppm was
highly efficacious against severe infections of E.
necatrix, E. brunetti, and E. tenella in laboratory
studies reported by Ryley and Wilson (1975).

Resistance to robenidine was induced in the Wey-
bridge strain of E. maxima within seven passages
by Joyner and Norton (1975). These workers also
found that the resistant strain was robenidine de-
pendent, and could only be satisfactorily estab-
lished in birds receiving robenidine in the diet.
Resistance did not develop as quickly in a sec-
ond strain tested in their studies, nor did it show
drug dependence. Strains of E. tenella and E. ac-
ervulina showing varying degrees of resistance to
robenidine were described subsequently by several
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embryo mortality at levels in excess of 400 ppm
(Polin, Porter, and Cobb 1961).

Efficacy: Horton-Smith and Long (1959a) re-
ported that 30 ppm glycarbylamide given in the
feed beginning 48 hours before inoculation with
a severe challenge of either E. tenella or E. neca-
trix was highly efficacious in preventing mortality
in 23-day-old chickens. These results were con-
sistent with the outcome of studies with E. tenella
reported by McLoughlin and Chester (1959). Effi-
cacy of glycarbylamide was substantially reduced
or ineffective if medication was delayed to 3-day-
old infections. These workers also found that the
efficacy of 30 ppm glycarbylamide against E. ac-
ervulina was substantially less than either 125
ppm nicarbazin or 125 ppm sulphaquinoxaline
based on oocyst counts up to the 15th day of in-
fection. Medication of chicks with 30 ppm gly-
carbylamide beginning 24 hours prior to infec-
tion was highly efficacious against E. tenella based
on bird performance, mortality percentage, and
mean cecal lesion scores (McLoughlin, Gardiner,
and Chester 1960). Peterson (1960) reported that
30 ppm glycarbylamide in the feed provided com-
plete or nearly complete protection against infec-
tions by either E. tenella or E. necatrix in 3-week-
old chicks.

Resistance to 30 ppm glycarbylamide developed
in strains of E. tenella in less than 10 passages
in laboratory tests conducted by McLoughlin and
Gardiner (1961), and was evident by the 12th pas-

sage in work by Ball (1966a). Subsequent stud-
ies by Gardiner and McLoughlin (1963b) with
the glycarbylamide-resistant strain of E. tenella
demonstrated that sensitivity to glycarbylamide
did not increase even following serial propagation
of the isolate nine times in unmedicated birds.

Halofuginone hydrobromide

Chemical name: [64924-67-0] rel-7-bromo-6-
chloro-3-[3-[(2R, 3S)-3-hydroxy-2-piperidinyl]-
2-oxopropyl]-4(3H)-quinazolinone hydrobromide.

Product name: Stenorol.

Chemical structure: See figure 6.14.

Safety: Use of 3 ppm halofuginone in the diet of
growing chickens resulted in a greater incidence
(P ≤ 0.05) of skin rips in female birds at the pro-
cessing plant in comparison with birds given 100
ppm monensin (Angel et al. 1985). A subsequent
study by Casey, Crosley, and Smith (1992) test-
ing the effect of 0, 1.5, 3, and 6 ppm halofug-
inone in the diet on skin tensile strength in two
strains of broiler chickens demonstrated that the
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Figure 6.14. Halofuginone hydrobromide.
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or drinking water (Chappel, Howes, and Lynch
1974; Ryley, Wilson, and Betts 1974; Haberkorn
and Stoltefuss 1987). Compounds in this class are
coccidiocidal rather that coccidiostatic.

Diclazuril

Chemical name: [101831-37-2] 2, 6-dichloro-α-
(4-chlorophenyl)-4-(4, 5-dihydro-3, 5-dioxo-1,
2,4-triazin-2(3H)-yl)benzeneacetonitrile; (p-chlo-
rophenyl)[2,6-dichloro-4-(4,5-dihydro-3,5-dioxo
-as-triazin-2(3H)-yl)phenyl]acetonitrile.

Product name: Clinacox.

Chemical structure: See figure 6.36.

Safety: Body weight and feed conversion were not
significantly affected(P ≤ 0.05) in birds fed di-
clazuril at 1, 5 and 10 ppm for 42 days in compar-
ison with uninfected, unmedicated birds in floor
pen studies by Vanparijs, Marsboom, and De-
splenter (1989). These studies demonstrated that
diclazuril was well tolerated up to 10 times the
recommended dose of 1 ppm.

CN Cl
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Figure 6.36. Diclazuril.

Efficacy: Initial studies testing the efficacy of di-
clazuril in the range of 0.5 to 10 ppm clearly
demonstrated that high efficacy was achieved in
preventing infections of E. acervulina, E. maxima,
E. necatrix, E. mivati, E. mitis, E. brunetti, and E.
tenella when used at a level of 1 ppm (Mathis and
McDougald 1988; Vanparijs, Marsboom, and De-
splenter 1989; Vanparijs et al. 1989; McDougald,
Mathis, and Seibert 1990). Variables measured in
these studies to determine the efficacy of diclazuril
included bird performance, mortality, coccidial le-
sion scores, dropping scores, and oocyst counts in
medicated and unmedicated birds. The results of
these tests indicated that 1 ppm diclazuril was
not as efficacious against E. maxima as it was
against the other species in controlling coccidial
lesions, and best lesion control was against infec-
tions of E. acervulina and E. tenella. Studies in
floor pens confirmed these findings and further
demonstrated the high efficacy of 1 ppm diclazuril
against a wide selection of recent field isolates of
Eimeria species (Kutzer, Lowenstein, and Mitter-
lehner 1988; Braem 1989; McDougald et al. 1990;
Montemayor, Casas, and Moreno 1990; Vanparijs
et al. 1990; Conway et al. 2001).

Studies by Maes et al. (1988, 1989) and Verheyen
et al. (1988, 1989) demonstrated that diclazuril
has a cidal effect against both asexual and sexual
stages of E. tenella, the late schizont stages of E.
necatrix and E. acervulina, the gametocytes of E.
brunetti, and the zygote of E. maxima. The latter
finding helps to explain why diclazuril was less
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Combo drug Dose range Product Name

Narasin +
Nicarbazin

 40-50 ppm +
40-50 ppm

Maxiban

Monensin +
Nicarbazin

40-50 ppm +
40-50 ppm

Monimax

Salinomycin +
Nicarbazin

50 ppm +
50 ppm

Salinocarb

Maduramicin +
Nicarbazin

3.75  ppm +
40 ppm

Gromax

Semduramicin +
Nicarbazin

15-18 ppm +
40-48 ppm

Aviax® Plus

*Always consult the label for approved dosage / supplier.

Ionophores and nicarbazin are the most widely used anticoccidial molecules due to their 

effectiveness against the major Eimeria species in domestic poultry Gallus gallus, but also their 

ability to develop resistance slowly and allow for immunity development. In this respect they are 

perceived as reliable because the risk of a sudden outbreak is lower.

Unfortunately, both ionophores and nicarbazin have narrow safety margins. In addition, nicarbazin 

increases heat production and increases sensitivity to heat stress (Fowler, 1995).

In order to reduce their effective dose, synergistic combinations of different ionophores with 

nicarbazin have been developed. This allows for effective coccidiosis control with a lower risk of 

side effects of the drugs.

Synergistic combinations
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What is coccidiosis monitoring in broilers?

It is a regular and routine assessment of subclinical coccidiosis incidence and pressure in the 

operation.

It is based on macroscopic and microscopic scoring of intestinal lesions produced by the most 

economically important Eimeria species in broilers – E. acervulina, E. maxima and E. tenella.

The main objective is to gather information and be proactive, taking corrective actions and 

measures, and planning the coccidiosis management program in view of the analysis of the data 

collected.

The coccidiosis monitoring data should be interpreted with the overall intestinal health status, 

performance and overall health of the flocks.

A good anticoccidial program reflects the infection pressure 
on the field and the specifics of the production system.  
A good coccidiosis infection pressure monitoring program 
collects data and information to assess prevalence and give 
feedback. This gives the producer the tools to make decisions 
on product, dose and duration of use, adjustments and 
investigations.

 Knowing the prevalence of the problem

Resistance

An adequate sanitary monitoring program should 
basically cover the following points:

01. Training of the team that will perform the monitoring  
(lesion scoring, scrapings, etc.). 

02. Definition of frequency, monitoring sampling and items  
to be monitored. 

03.  Management of health monitoring data.

Let’s see each one.



 01. Training of the Team

Consistency determines the success of a monitoring system. Training is 
necessary and decisive for the team to enhance the knowledge and skills 
in detecting macroscopic pathological changes, but another very important 
point, even before training, is the choice of people/coordinators responsible 
for carrying out and managing the health monitoring program. 

Without the correct understanding of the purpose (of the monitoring 
management), of the commitment to collect data in a correct and systematic 
way, the data will often not reflect the field situation. Doing it correctly and 
with good management is fundamental.

It is very important to establish a frequent training routine for the teams in 
charge of monitoring. Verifying the performance of the team and the retention 
of the training offered is fundamental, but often overlooked. Are those 
responsible for monitoring (execution and management) able to carry out 
the monitoring tasks? Regular training and verification sessions with industry 
experts or vendors are useful to maintain consistency of the scoring teams.



over estimated. For this reason, it is good to confirm them with 
microscopical scoring – identification of E. maxima oocysts in 
scrapings from the intestinal mucosa of the scored birds.

To assess the coccidiosis incidence and infection pressure within 
a given operation (integration or all farms supplied by a given 
feed mill) regular necropsy sessions (often called posting or 
lesion scoring sessions) should be carried out. They should be 
planned on operation level including flocks from different farms 
representative for the integration. Each session should include 
at least ten different flocks representing different ages ranging 
from 18 to 38 days of age. Typically, 5 average-looking birds 
per flock, randomly-picked at different places of the house are 
selected. Only average, healthy birds should be selected (not 
clinically diseased or dead birds). Scoring should take place 
immediately after birds are euthanized. The postmortem process 
might destroy some lesions, therefore scoring should happen 
right after euthanizing the birds.

Coccidiosis monitoring is part of the integral health monitoring 
system of the operation. The most objective field evaluation 
system is based on macroscopic intestinal lesion scoring 
and microscopical identification of oocysts in the intestinal 
mucosa of scored birds.

The most economically important Eimeria species in broilers 
have a different predilection place and produce distinct 
characteristic lesions (e.g. E. acervulina produces white-
striped kind of lesions on the mucosal side of the duodenum; 
E. maxima produces characteristic pin point hemorrhagic 
lesions visible from the serosal side of the jejunum and E. 
tenella produces characteristic hemorrhage in the ceca). 

To assess the severity of subclinical coccidiosis a reliable, a 
0 through 4 scoring system has been developed (Johnson 
and Reid, 1970). The downside of the system is that 
especially mild lesions (1-2) of E. maxima, might be under or 

 02. Monitoring: scope, frequency, sampling
Tips:

 • Monthly or weekly

 • Same protocol, Every time

 • Different farms at different ages  

(18 to 38 days of age)

 • At least ten different flocks per session 

(e.g. 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 

38 days of age)

 • Five healthy birds/flock (No mortality or 

clinically-ill birds)

 • Systematic approach combining 

macroscopic lesion scoring and 

scrapings

 • Take your time, don’t rush the job

 • Need good light and a microscope



Lesion score +1                                                   

Scattered white plaque-like lesions containing developing 
oocysts confined to the duodenum. 

These lesions are elongated with the longer axis 
transversely oriented on the intestinal walls like the rungs 
of a ladder.  

They may be seen from either the serosal or mucosal 
intestinal surfaces.  

They may range up to a maximum of 5 lesions per 
square centimeter.

There can be some loss of pigmentation and some loss 
of performance.

Lesion score +2                                                   

Lesions are much closer together, but not coalescent.  

They may extend as far posterior as 20 cm below the 
duodenum in 3-week-old birds.  

The intestinal walls show no thickening.  

Digestive tract contents are normal.

There can be some loss of pigmentation and some loss 
of performance.

 E. acervulina  
(affects mostly the duodenum)(affects mostly the duodenum)



Lesion score +3                                                   

Lesions are numerous enough to cause coalescence in 
the lesion size, giving the intestine a coated appearance.  

The intestinal wall is thickened, and the contents are 
watery.  

Lesions may extend as far posterior as the yolk sac 
diverticulum.

There can be some loss of pigmentation and loss of 
performance is well known.

Diarrhea

Lesion score +4                                                   

The mucosal wall is greyish with individual lesions 
completely coalescent.

Congestion – may be confined to small petechiae  
or in extremely heavy infestation, the entire mucosa 
might be bright red in color.

Individual lesions may be indistinguishable in the  
upper intestine, typical ladder-like lesions appear  
in the jejunum.

The intestinal wall is very much thickened, and intestine 
is filled with a creamy exudate, bearing a large number  
of oocysts.

Watery diarrhea.

 E. acervulina  
(affects mostly the duodenum)(affects mostly the duodenum)(affects mostly the duodenum)



 E. maxima

Lesion score +1                                                   

The serosal surface may be speckled with numerous  
red petechiae, and the intestine may be filled with  
orange mucus.  

There is little or no ballooning of the intestine.  

The intestinal wall is not thickened.

There could be some weight and pigmentation loss.

Lesion score +2                                                   

Serosal surface may be speckled with numerous  
red petechiae.

Intestine might be filled with orange mucous.

Little or no ballooning of the intestine.

Thickening of the intestinal wall.

Performance and pigmentation loss.

(affects mostly the Jejuno-illeum)



Lesion Score +3                                                   

Serosal surface may be speckled with numerous  
red petechiae.

Intestine might be filled with orange mucous.

Little or no ballooning of the intestine.

Thickening of the intestinal wall.

Performance and pigmentation loss.

Lesion Score +4                                                   

Intestinal wall may be ballooned for most of its length.

Contains numerous blood clots and digested red blood 
cells giving a characteristic color and putrid odor.

The wall is greatly thickened.

Significant adverse effect on performance and 
pigmentation.

Diarrhea (sometimes bloody with digested blood), 
dehydration and mortality.

 E. maxima
(affects mostly the Jejuno-illeum)



Lesion Score +1                                                   

Very few scattered petechiae on the caecal wall 

No thickening of the caecal wall.  

Normal caecal contents are present.

Lesion Score +2                                                   

Lesions more numerous, with noticeable blood in the 
caecal contents.  

The caecal wall is somewhat thickened.  

Normal caecal contents are present.

 E. tenella
(affects mostly the ceca)



 E. tenella

Lesion Score +3                                                   

Large amounts of blood or caecal cores are present.  

Caecal walls are greatly thickened.  

Little, if any, fecal contents are present in the caeca.

Lesion Score +4                                                   

Cecal wall greatly distended with blood or large  
caseous cores.

Fecal debris lacking or included in the cores.

Bloody diarrhea (non digested blood) and mortality.

(affects mostly the ceca)



Macroscopic lesion scoring is the most reliable tool for estimating the infection pressure and the efficacy of the cocci control program on the 
field, but to maximize its value, we need to address some limitations namely the E.maxima scoring. This species produces characteristic lesions, 
but they could be overlooked or misdiagnosed especially in mild case 1+ or 2+. To cope with these limitations in the modified system we apply 
microscopy of deep mucosal scrapings.

It could be a standard part of the scoring protocol; thus we take deep scrapings from 3 standard points (beginning, middle and end of the 
jejunum) and we introduce an additional score called E. maxima micro. We examine the slide under the microscope at 100x magnification and 
giving a 0 grade when there are no oocysts, +1 when there are less than 10 per visual field; +2 for 10 to 20; +3 for 20 to 40 and +4 for more 
than 40 per visual filed.

Alternatively we can use scrapings only for confirmation of the macroscopic score especially +1, so we take deep mucosal scraping when we 
see any sign indicative for E.maxima infection (even a single serosal pinpoint petechia, ballooning of the intestine, thickening of the mucosa 
or orange mucous). We examine the slide under the microscope, and we confirm and record the macroscopic score if we find any E.maxima 
oocyst.

How do we take deep intestinal scrapings? After careful examination of the serosal side, we incise the intestine, examine the intestinal content 
and the mucosa, then we clean carefully all the intestinal content and with the corner of the coverslip or the tip of the scissors we make a deep 
scratch of the mucosa. After that we place the material on the microscope slide, cover it with the cover slip and press so we have thin enough 
specimen for examination. If we have intestinal content or the specimen is too thick it makes examination more difficult and increases the risk 
of missing oocysts.

Mild Infection Much Heavier InfectionHeavier InfectionNo Oocysts TNTC

Microscopical examination of deep intestinal scrapings



Lesion scoring should not be interpreted on a bird or a flock 
base, but rather on integration level. It gives data that should 
be compared with previous sessions to determine the infection 
pressure trend. It is also useful to benchmark with other 
integrations producing under similar conditions. 

Different Eimeria species have different impact on performance 
with E. maxima being most detrimental for BWG (body weight 
gain), FCR (feed conversion rate) and absorption of nutrients 
and E. tenella having the lowest impact (Conway 1997). 

 03. Coccidiosis monitoring data management and interpretation
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ROTATION 

Avoid resistance development and cross-resistance

In order to maximize the effect of the anticoccidial program 
and achieve its best performance one should mitigate the 
risk of resistance development. In this respect the duration 
of exposure of the Eimeria population to a given drug 
should be minimized (Peek and Landman 2011). In order 
to achieve this a rotation program should be established.  
Rotation - changing the anticoccidial tools to one of the 
other classes after a few cycles.

Full (straight) program - same anticoccidial from day one to withdrawal (starter/grower/finisher)  

 

Shuttle program - one anticoccidial in the starter/grower and another anticoccidial in the grower/finisher  

 
Vaccination could be a part of the rotation program and helps to restore sensitivity of field Eimeria to different 
anticoccidial drugs (Peek and Landman, 2011).

 • Stand-alone

 • Bio-shuttle – vaccination followed by a low dose of an ionophore to alleviate the downsides of the 
vaccine

 • Bio-Phyto shuttle – vaccination followed by phytogenic product which alleviates the downsides of 
the vaccine

Rotations have helped prolong the effective life of anticoccidials in the face of constant  
selection for drug resistance (Chapman, 2014) 



Using drugs from the same class and same mode of action 
one after another increases the risk of resistance being 
developed toward the class.

Rotate between products from diffferent classes to avoid 
cross-resistance and provide restoration of sensitivity.

Rotate between different classes



Give as long a resting period as possible for each class
Ionophores at least 6 months
Chemicals at least 12 months

*to be able to give the whole class of a resting period  
one should combine in shuttle programs nicarbazin-ionophore  

combos with ionophores from the same class  
(e.g. Aviax Plus/Aviax or Maxiban/Salinomycin or Maxiban/Narasin)

Don’t use any product for 
too long

The safe duration of use depends on the pace of 

resistance development inherent for each drug

• Ionophores in full/shuttle –  up to 4-6 months

• Nicarbazin combos in shuttle – up to 6 months

• Other chemicals in full – up to 2-3 months.

• Other chemicals in shuttle – up to 3-4 months

modified from Chapman (1997)

Do not use a certain product for too long.



Consider side effects of different anticocidialsTo avoid loss of performance or management issues the side effects of some 
of the anticoccidials should be considered.

Safety margin – some anticoccidials have rather narrow safety margins (all 
ionophores, halofuginone, nicarbazin) – for this reason they should be carefully 
dosed, properly mixed and special attention should be paid to avoid de-mixing 
(segregation) of the feed in case of mash feed, poor pellet quality etc.

The dose of the above products should be reflecting the infection pressure – 
low infection pressure low end dose, moderate to high infection pressure 
mid range dose and only in very high infection pressure high end dose.

Nicarbazin increases the heat production and sensitivity towards heat stress  
from 40ppm (Fowler 1995) – limit the use of nicarbazin/nicarbazin containing 
products to the first 21/28d of age and avoid use in heat stress risk periods if 
the poultry house temperature cannot be maintained below 21⁰C.

Lasalocid increases water intake and respectively water excretion – limit the 
use during cold and humid periods of the year when excessive humidity cannot 
be evacuated from the house. 

Monensin limits the feed and water intake, especially under high temperature 
conditions – avoid using it during summer.

When possible, the dose should reflect the infection pressure



Basic and important points  
in a well-designed  
anticoccidial program:

1. 
Do not use any given product for too long
Consider the rate of resistance development for different products. 

 • Ionophores in full program/ nicarbazin-ionophore shuttles or 
combo/ - 4 to 6 months.
 •Other chemicals in full 2 to 3 months of in shuttle 3 to 4 months.

2. 
Rotate between different classes (not between products or 
molecules from same class). 

3. 
After each period of use give a sufficient resting period to the 
used molecule and avoid using all other molecules from the same 
class. 

 • Ionophores (all products from a given class) at least six 
months
 •Chemicals at least 12 months (preferably 24 months for 
products with rapid and very rapid resistance development 
pace)

4. 
Consider chemical clean-up and use of vaccines to restore sensitivity 
toward anticoccidial drugs.

5. 
Strictly follow the registered dose ranges and follow the established and 
required withdrawal periods. If there is a dose range registered, consider 
the infection pressure when choosing the actual dose.



4
different product 
Know the 

forms



In order to achieve the best performance of an anticoccidial 
program the molecule should be properly dosed and mixed into 
the feed, so each and every bird on the farm receives the same 
adequate amount of the anticoccidial drug.

If some birds are underdosed then they will not be adequately 
protected, suffer subclinical or even clinical coccidiosis and 
increase the infection pressure on the farm by an excessive 
shedding of oocysts. On the other hand, if some birds are 
overdosed, they might experience side effects – feed refusal, 
decreased BWG, locomotory or neural disorders like lameness 
and even increased mortality.

For this reason, proper dosing and mixing, but also a good 
product form is essential.

Anticoccidial products come in a number of different forms 
including both granulated products, where the active ingredient 
is distributed within the granules during the granule production 
process (such as spray drying, high shear granulation, roll 
compaction etc.) and simple mixtures of the active ingredient 
with different carriers. The product form characteristics – particle 
shape and size distribution, uniformity, durability and content of the 
active in the fines and dust determines the physical characteristics 
and, consequently, the performance of the anticoccidial in the 
feed mill when  these products are blended into a premix or feed.

The physical form is important for the quality of the mixture and 
for the greater or lesser risk of cross contamination between 
feeds and premix, especially for product of high risk for non-target 
species (ionophores, nicarbazin, halofuginone).

Granulation reduces the potential for dust and improves the 
flowability of the product. With less dust this can reduce the 
amount of fine material remaining on the walls of the equipment 
and utensils, and therefore, lower the risk of contamination of 
non-target feeds. (cross contamination).

Phibro carried out an evaluation with the IPT (Institute of 
Technological Research of the State of São Paulo - Brazil), 
at the Chemical Process and Particle Technology Laboratory 
of the Center for Process and Products Technology in 2012, 
with the objective of determining flowability properties of some 
anticoccidial products available on the market. Some of the 
parameters evaluated, as well as the results are listed below 
and in Table 1.

   Know the different product forms



Angle of repose –  it is an indirect measure for which we can estimate the flowability of a 
product in the premix and feed production lines. The smaller the angle of repose, the lower the 
piles are formed and the easier it is to flow.

 

Reference Values: 
25-30° - excellent flowability; 
31-35° - good flowability;
36-40° - acceptable flowability;
41-45° - reasonable flowability;
46-55° - poor flowability; 
56-65° - very poor flowability;
Above 65° - extremely poor flowability (USP, 2006).

 

Compressibility or Carr Index (CI) 
Simple method to indirectly evaluate the flow properties of powders or formulations by 
comparing aerated density (ρa) and packaged density (ρc), with CI calculated by: CI= (ρc- ρa/
ρc)×100 (USP, 2006).

Carr Index Values (%): 
< 10% excellent flowability;
11 to 15% good flowability;
16 to 20% fair flowability;
21 to 31% poor flowability.
16 to 31% poor flowability (cohesive powders);
> 32% very poor flowability.
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Physical Shape Granular
Powder, 

vegetable 
carrier

Angle of repose (°)  
with SD* 31,0±1,8⁰ 43,2±1,8⁰

Compressibility or Carr 
Index (%) with SD 4,3±0,1 11,4±0,4

a

α

b

*SD – Standard deviation

Table 1. Summary of IPT evaluations:

Results of flow properties of combinations of nicarbazin + ionophore 



Comparing the two combinations of nicarbazin + ionophores 
evaluated, it can be seen that the physical shape is important for 
the flow characteristics evaluated. The combination of nicarbazin 
+ ionophore in granular form (Aviax® Plus) is superior to the 
association of nicarbazin + ionophore, whose presentation is in 
the form of a powder with a vegetable carrier.

When selecting an anticoccidial product it is important to select 
a safe product that has homogenous distribution in the premix 
and feed and minimizes the risk of carry over to sensitive species 
feed and withdrawal feed, which can lead to residues in the meat.  
As already illustrated in the data above, product form can play 
a crucial role in homogenous distribution, carryover risk and 
therefore, safety of the product. 

In Table 2 and in the figures are the physical presentations of some 
anticoccidial products available on the market. The presentations 
in granulated form favor mixing and reduce the risk of cross 
contamination, thus decreasing their adherence to the surfaces of 
equipment in the feed or premix plant.

Aviax® Plus 

Nicarbazin + 
Semduramicin

Nicarbazin 
+ Narasin

Nicarbazin + 
Maduramycin

Nicarbazin + 
Monensin

Nicarbazin + 
Salinomycin

Supplier
Phibro Animal 

Health
A B C D

Physical 
presentation

Granular

(2 molecules 
in the same 

granule)

Granular

(granules 
separated for 

each molecule)

Powder
with vegetable

carrier
Granular 

Granular powder

Nicarbazin 
powder and 
Salinomycin 

granular

Table 2. Product Forms*

*Check with your local regulatory agency for available products in your country.



Aviax® Plus
Granules contain both active ingredients 
(semduramicin and nicarbazin).

Nicarbazin + Salinomycin
Nicarbazin powder and granulated salinomycin. 
Powder-like product..

Nicarbazin + Narasin
Yellow granules (nicarbazin) and dark granules 
(narasin).

Nicarbazin + Maduramicin
nicarbazin + maduramicin powder mixed with 
vegetable carrier.

Nicarbazin + Monensin
Same granule with nicarbazin and monensin.



Products in granular  
presentation are preferable  
to other physical presentations  
in terms of safety (less risk  
of poor homogeneity and overdose  
or cross-contamination)  
and provide better mixability  
for premix ration.



5Know your 
supplier



A detail often not taken into account in the decisions of anticoccidial programs is the guarantee 
of supply. It is not uncommon for the companies’ purchasing department to close super-special 
commercial conditions with suppliers who, in the desire to guarantee a good deal, promise 
volumes they cannot supply. Many of these suppliers have their final products and active 
ingredients imported, which can generate a certain complexity in supply chain management 
and non-compliance with commercial agreements.

At that moment, all the effort to choose an anticoccidial program can go down the drain, since 
the lack of product compromises the entire operation and, consequently, the performance 
results. Not to mention the wear and tear generated by the need to seek a new supplier at the 
last minute to meet the demanded volumes.

When choosing anticoccidial programs and other additives, it is recommended to look for 
manufacturers that can meet the volumes requested for the necessary period and that have 
robust local logistics, which avoid this type of risk of lack of supply.

       Product availability through the program

Know the supplier’s know-how regarding services and other 

differentials

Perhaps this is one of the most important topics to be considered when deciding on anticoccidial 
programs.

It is obvious that special commercial conditions are always attractive, but the quality and know-
how of the supplier must have an important weight in the decision.

An anticoccidial program goes beyond the choice of an active ingredient to be used. There is 
a whole job of education and training of professionals who deal with birds on a daily basis to 
learn about the problems, make a more accurate diagnosis, ensure the implementation of rules 
and procedures that avoid risks of cross contamination, presence of residues and application 
of best practices in the management of the coccidiosis theme.

For this reason, the choice of the supplier should go beyond a purely commercial view, that is, 
the one with the best price, but the one that can add value to the production process, in risk 
management and in the training of company professionals.
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